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SBECTION 1.0 INTRODUCTION

Background

The U.S. Department of Energy performed comprehensive assessments
of toxic emissions from nine selected coal-fired electric utility
units. A similar assessment was also carried out at seven power
plants which are hosts to demonstration projects carried out under
the Clean Coal Technology Program. These data are being collected
in response to the Clean Air Act Amendments of 1990, which require
that EPA conduct a study of the emissions of hazardous air
pollutants (HAPs) from electric utility power plants, and that
these emissions be evaluated for potential health risks. The data
have been compiled and combined with similar data collected as part
of the Field Chemical Emissions Monitoring program sponsored by the
Electric Power Research Institute (EPRI) and furnished to the U.S.
Environmental Protection Agency for emissions factor and health

risk determinations.

The assessments of emissions involve the collection and analysis of
samples from all major input and output streams of the selected
power plants for selected hazardous pollutants contained in Title
ITII of the Clean Air Act.

biecti
The specific objectives of this program were:

. To c¢ollect and subsequently analyze representative solid,
liquid, and gas samples of all specified input and output
streams of the selected power plants for selected hazardous
air pollutants listed in Title III of the 1990 Clean Air Act
Amendments and to assess the potential level of release
(concentration) of these pollutants; '



. To determine the removal efficiencies of pollution control
subsystems for selected pollutants at the power plants;

. To determine material balances for selected pollutants in
specified subsystems of the power plant and an overall
material balance for the power plants;

» To determine the concentration as a function of particle size
of the pollutants associated with the particulate fraction of
the flue gas streams;

. To determine the concentration of the pollutants associated
with the particulate and vapor~phase fractions of the
specified flue gas streams;

* To determine the concentrations of toxic substances on the
surfaces of fly ash particles;

. To provide data for EPA for use in risk assessments and in
updating publication AP-42;

J To determine hexavalent chromium stack emissions at selected
plants; and

» To compare Method 29 vapor-phase mercury results with those
obtained via charcoal absorption.

Scope of This Report

Table 1-1 1lists the chemical substances analyzed during this
project. ©Not all of these compounds were measured at each power

plant.



Report Structure

These results are reported in two sections. First (Section 2),
corresponding data for each of the plants are presented in a way to
allow comparisons to be made easily. Including:

. Select information about equipment and operation of each
plant.

. COal"analyses: ultimate, trace metals, and anions.

. Stack concentration of trace elements.

¢ Overall ranges of removal efficiencies.

Second (Section 3), more specific data for each individual plant
are presented separately. Including

. Description of each plant, with flowsheet.

. Flow rates of trace metals at various locations in the plants.
. Distribution of trace metals in the output streams.

. Removal efficiencies of the control devices.

. Temper;tureé at various points in the plant.

Uncertainties

Emission factors, removal efficiencies, and other results presented
in this report rely on measurement data that vary with time and/or
may be near the limit of detection or below it for many of the



Table 1-1

Trace £lements

Ant imony Boron

Arsenic Cadmium
Barium Chromium total
Beryllium Cobalt
Radionuc! ides

Hexavaient Chromium

Mercury Speciation/Comparison
Anions

Chioride (HCL)

Fluoride (HF)

Sulfates

Phosphates

‘Reduced Species

Ammonia
Cyanide
Organics
Formaldehyde
Dioxins
Furans

volatile Organics

Target Analysis

Copper Mol ybdenum
Lead Nickel
Manganese Selenium
Mercury Vanadium

Benzene

Sromoform

Carbon Disulfide

Carbon Tetrachioride

Chiorobenzene

Chloroform

1,4-0ichlorobenzene
cis-,1,3-bichloropropene
trans-1,3-Dichloropropene

Ethyl Benzene

Ethyl Chloride (Chloroethane)

Ethylene Dichloride (1,2,-Dichloroethane)
Ethylidene Dichloride (1,1-Dichlorcethane)

Methyl Chioroform (1,1,1-Trichloroethane}
Methyl Ethyl Ketone (2-Butanone)
Methylene Chloride (Dichloromethane)
Propylene Dichloride (1,2-Dichloropropane}
Styrene

1,1,2,2-Tetrachioroethane
Tetrachloroethene

Toluene

1,1,2-Trichloroethane

Trichloroethene

Vinyl Acetate

Vinyl Chloride

Vinylidene Chloride (1,1-Dichloroethens)

Methyl Bromide (Bromomethane)
Methyl Chloride (Chloromethane)

Semivolatile Organics

Acenapthene
Acenaphthalene
Acetophenone

4- Aminobiphenyl
Aniline

Anthracene
Benzidine
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Benzoic Acid

Benzyl Alcohol

m,p-Xylene
o-dylene

indeno(1,2,3-cd)pyrene
isophorone

Nethyl Methanesul fonate
3-Methylchlolanthrene
2-Methylnaphthalene
2-Methylphenol (o-cresol)
4-Methylphenol (p-cresol)
N-Nitroso-di-n-butylamine
N-Nitrosodimethylamine -
N-Nitrosodiphenylamine
N-Nitrosopropylamine
N-Nitrosopiperidine
Naphthalene
J-dephthylamine

7,12-Dimethylbenz(a)anthracene
Dimethylphenethylamine
2,4-Dimethylphenol
Dimethylphthalate
4,6-Dinitro-2-methylphenct
2,4-Dinitrophenol

2,4 Dinitrotoluene
2,6-Dinitrotoluene
Diphenylamine
1,2-Diphenylhydrazine
Ethyl Methanesulfonate
2-Nitrophenol
4=-Nitrophenol
Pentachiorobenzene



Table 1-1 (Continued)

Semivoiatiie Organics (continued)

4-Bromophenyl Phenyl Ether
Butylbenzylphthalate
4-Chloro-3-Methylphenol
p-Chloraniline
bis(2-Chloroethoxy)methane
bis(Z-Chloroethyl)ether
bis(2-Chloroisopropyl)ether
1-Chloronsphthatlene
2-Chloronaphthatiene
2-Chlorophencl
4-Chlorophenyl Phenyl Ether
Chrysene
bis{2-Ehtylhexyiyphthalate
Fluoranthene

Fluorene

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane

Additional Elements

Aluminum Magnesium
Calcium Potassium
Iron Sodium

2-Naphthylamine
2-Nitrosniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
Di-n-octylphthalate
Dibenz(a, h)anthracene
Dibenz(a, j)acridine
Dibenzofuran
Dibutylphthalate
1,2-Dichiorobenzene
1,3-Dichiorobenzene
1,4-Dichlorobenzens
3,3'-Dichlorobenzidine
2,4-Dichicrophencl
2,6-Dichiorophencl
2,6-Dichiorophencl
Diethylphthalate
p-Dimethylaminocazcbenzene

Silicon
Strontium
Titanium

Pentachloronitrobenzene
Pentachlorophencl
Phenacetin

Phenanthrene

Phenol

2-Picoline

Pronamide

Pyrene

Pyridine
1,2,4,5-Tatrachlorobenzene
2,3,4,6-Tetrachlorophenol
1,2,24-Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2-Flyorobiphenyl
2-Fluorophenol
Nitrobanzene

Phenol

Terphenyl
2,4,6-Tribromophenol

Zine
Uranium (coal only)
Thorium (coal only)



substances of interest. In this summary report, highly uncertain
results have been flagged in the tables. For a mQre comprehensive
examination of uncertainties associated with this data, the reader
is referred to a companion report, “A Comprehensive Assessment of
Toxic Emissions from Coal-Fired Power Plants: Statistical
Correlations from the Combined DOE and EPRI Field Test Data” or the
complete testing reports for each power plant listed in the

Appendix.






The result is a 95 percent confidence interval based on the
standard deviation of the samples and the Student's "“t" probability
distribution function.

Uncertainty analyses were carried out in the same fashion in the
majority of the reports, Two exceptions were Plant Smith and
Nelson Dewey Station. In the Smith report, uncertainty appears to
be simply the standard deviation of the three sample values. In
the Nelson Dewey report, no description of Uncertainty Analysis was
found.

In the tables in Section 2, rather than list the calculated
uncertainty values from the original reports, uncertainties greater
than 100 percent have been flagged as follows:

U Values with uncertainties greater than $100 percent. For
example, if a value of 10 is flagged, the true value is
expected to lie somewhere within a range equal to or greater
than 0-20, 95 percent of the time, for runs made at the same
operating conditions.

N An uncertainty limit is either not known or not calculated.

10



IT

Mo13 1211948d Jo S31J9S SB JAylLa paunBijucd q uey  °r
Ja110q 3yl BuiaRa| weas3s seB anjy ayy JIOGNUIS UOISILT IIN S,J1Y 3Ind '3
30 UOL3LSOCckGD IS 0] PIIJRIULIL SEN ySEA]} PIACWD) BWOS I} IUN WS O3 pRRj ] JaqQNJIs AOISIwL ] u!._ mﬂoa_:u 0
1iun daumeys wolj weaJlsdyls  CH 3%afoud ABOJOUYIIL 180D LES|] IALIEADWI] "3
UOLIONPIY J13A|RINI-UON SALI2213S "9 pLoe 2LINi NS S8 paacwdl !f0s pue DS $1JaAu0) g
5832044 X08-X0Y¥-XON-¥OS "d IUN S| IN woly wealysdlys vy
H *dJo] Yoseasay {(Iumeys)
(r) asnoybey (3) voiidiosqy (1) (paan31Isuodal 193UMIIO] LAUT w4
Jo/pue 453 uoN ua s suadsns sen weaJysdy)s) ) oL pue ABsau3 *aul 10441y 3011d ¥S9
2} pag pazipingg
ds3 JucH duwa (D seY oM snoulung ig 174 pazLINSSdJd ue 1 pey Jamod o140 aari
(5"
UINS 4LV 3J14-19A0 opRJO}0] JO "0)
asnoybeq SJ3UING ON-MOY UON snoujung 1y 2L paJdij-jool J0uIe) FILALRS 1 1qnd aoyedeay
ds3 esnoybeg BUNS (472) auNs snoujuny tg 09l padii-nien ueLpey X0J) A 7 ¥20aqeg Jabang
(2} paJi4 2)N31L15U] S3JLAISS
ds3 SJAING "ON-MO WO snOULEN) LG - 96l -1eL3uatue] Yaueasay ulayinos Auadwo) uJayinos yilus
poJid 53D 1A IS
ds3 $43UINg "DN-MOY IUON SNOULWNY 1§ 00% -11en pasoddg ueLpRy Auedwo) uwiayInos pucwssey H§
R *di0) 19IUMNRCILAUY yhL
ds3d (3) uJngay ION SNouUlWny 1LY Dol M0 154) A3JNoY T JIN0g ULSUCISIA AIMag uosiaN
3" 11 135u] 0] AJ9S Jt1gnd
ds3 ON 3 padeApY snoulenlig |9zs WO IA] Y4982y UIIYINOS RURLPU] UJSYIJON Allleg
(a'2) Jaqgnaas XY —l
453 auoy U0 SN SNOU NG | 8 00L -jetuabue] ueLpey Jamod RiBJaody L=31 7%
{278}
asnoybeg ¥s WISAS 71341990 SNOUWNL 1§ (v) sg auC 243 anaaeq 1JIA0CH UMOUR Rasy (S311N) XONS
453 auoN JUON SNOULWN] LG g0l T YELS) 211931188 Uos1p3 OLYo S211IN
d4s3 auUoN auoy SPOU LNy |8 295 FTTELS] uo3san Jamod stoull)] uimpieg
“diog 1euam0d L AUZ
453 JUON 2uoN SnouLlwny | g 519 Jaudng 1199 pue AbJau3 “07 JamMod O1Yyo0 1euLpdR)
. Jaquosqy 23N1135U] %)
asnoyseg JIY  PaJdi4-JaAg J3A1q Aeids SNOU LWN3 1agNs 1685 palid-Jaudo) yoJeasay UJIYINOS 21439213 uosant | a1)1aLabuladg
asnoybeg JUON auoN SNOULWN] LQNS 69 unJq [T FTET JIMOd BIOSIUL LW 113ns0g
paJlj
d53 J1Y 341 4-J3A0 J2QNJIS ML 31uBLy 1114 - 191 3uabue) a1i9lleq Jamod aalleladoo) Naa43 1e0)
saie\n3ijled "ON ‘os
1809 .wﬂ. adA] sajLog Jo)IRIIUOY Jolesady ey Jamag
—_ ABO10UY33] 1013U07) IS

SUoT3dTIOS9d JURTd ISMOQ

I-Z SsTqRL



+

LT

TPIININIED JOM JO UMOUY Jou JiWE] AJULBIJIIUN N

TANNEA Jo JuRdaed 0] W) J318aJB Jo o) Jenb3 (31wl Juap) o) X656 =) Ajuieysadun n

TIUIMIINSRAN 1IBIIP-UOU B IDNINIL ONF "UMOYS INTRA IBRIIAS Sy 03 BUIINGIIILOD SUCIIRINIIRD YT SO q

TIUWS.INSOM 10313P-UCU B SIPN|L JUC 'umOys aN1RA abBeJaAe ayy o) BuLinqlIjuod suUOLIBINITEI Y3 O ']

TIUNRINGEIM 10318p-U0U B IPNJIUL 1B ‘UMOYE INTEA aBRJIAR ay) o) BuULINGLIIUOD SUOLIRINIYED Ayl 40 #

*JINL) UCLIIIIAP S| UMOYS IN|RA >aN
7 26 0%l 092 snjoydsoyqd
21E41Ng
ol 16 0L # %'t >0 # Y7 >N pLiong
0i% - (113 oty J 5y J 62 pLIoIY

a2 8L £5 92 Fid nipeues i
__ L2 9°1 £2 1t g€ #0°L >On #0°L >ON o u3)3s
= ) 29 19 41 12 o7 74 1943LN
__ 1 9°8 WY 975 >ON wZze wapgl)on

—_ £i°0 4l0°a ¥90°0 o 1o #0170 >N #0170 >00 h._:u._o—_LJ
&l 9l 41 " i 2 4 as3uebuay
= ) £°s 02 8l £°1 'S " 14 pea)
sl 71 "t gt Jaddoy

” £2 3 O 9 Te 77e903 |
11 Fal i1 21 éc 2'8 6 HNLWOJY,
= # £°0>0n 0°Z ¢ >On # 972 >0n N8 LL°0 >ON VoY v o°zg N Lupe)
uoJog
= 2970 01 >ON 01 >0 Fard L} 62 183 wni)Aseg
__ 29 I3 5 3 0Lt un Jeg
__ 0's 9°€ 2'y 2 2l 1L ot Juasdy
__ #0°L >N S . FA! sl 21 — Auow Juy
wdd ‘siuawal3 ajel)fioury

on mo1 aul19508 anl ¥40 uingay sul)aseg
Jabiang
Y s puouay Aamaq uos)an f
{ponur3juca) ‘sSjuemeId O9ORIL - HJURTd I0J sesdiiwuy Tvod obwvisav ¥-2 oIquel



8T

"PIIRINITIRI J0U 4O UMOUY JOU 1} AW Ellecun N
“sniea jo Juadsad (O] weyl JaieauB Jo o) 1enb3 (3w IUSPL U] XG4 =) AJULRIJIIUN n
"IUNIRINERIE 1I913P-UCU ¥ apNIJUl OM) ‘UNOYUS IN|BA IBEIIAE ayy o) BulINglijuod KUCLIRININED Ay 30 4
TIUNDINSEIN 1I3)IP-UOU B ZIPNIIUL U0 ‘UNGYS INTUA SBEIBAR 3y O3 BuiINGLIIUOD SUC|LRINI e AYI JO ¥
"M INERM JIIFAP-UOU § IPNYIUL 110 “UMOYS INJEA 2BRIIAR Ay) 03 BU(ING(JIU0T SUG{1FINI |9 3yl JO ]
“IMLY UOIJINIP 5L UMOYS INTEA >O0N
— T T e— B BT 0Ly CT
3%} 1nS
oLl , 8 un_goa_mw
oom 002 002 002 002°1 NO9L 22 av_go_;u=
1y 0f 62 92 (7] £y 0's .:_u-:.>=
0°2 0°2 0'g 0°1 g nesi Z8°0 -s_co,oua
21 02 06 £l o'l 9°'0 _axu_==
90 S0 Lo .s:ounx_o:s
w $90°0 S0°0 $90°Q 610D SL°0 néL0%o0 12070 »g:u;u:=
7] s 2¢ i 92 2°s F30) omm:cucos=
- 0§ 0°sS 0°S 0y £9 Z°2 (¥ peaT
02 L€ 12 Teddo)
0°s 0y 0y 0%y o't £l 40 31900
1 9l il [T 9l ny'l Ll W wo.4y)
S0°0 ON 60°0 0 90°0 nitso NG 90°0> Ng S0°0-aN N Lwpa)
ny 0°ss uoJog
1 80 11 970 9 n ss°0 20 wni}1A0eg
'm [ [ ] sl (13 oft 6Ly un|Jeg
0°s 0°s ) 0y 33 9 0 g0 ISy
S0°0 ON S°0 ON ST0 ON <70 o 8970 : Aot Juy
i wdd ‘sjuawayg adeJ|/JOULN

owag auLjaseq owag i jaseq ¥ONS aui1aseg

1971848 satJag ey qall
ssuMEUS 'YSH 1041ty soyede.y

(peNUT3UOD) ‘sSuomEId 90RAL - S3URTd I0J EesA[WUV TROD °HRIBAY ¥p-Z OTqRL



6T

‘PRIRINDET JON N
"PARIN3)E3 30U 4O LMOUY JOU LML) Ajuleysasun N
*aNjeA o Jusdlad Q| Ueyl JIIEAJB Jo 03 JEnb3  I(IIW1T FOUIPLIUO) XG4 =) AJULEIJITUN n
“IUNRINSEAN 133330-U0U B IPNIOUL OM] ‘UMOYS IN|BA 3BYJAR A4 01 BuLINGIJIUCD SUOLIRINITEI Ayl 4O d
TIUMSINSEIN 1I21IP-UCU B SIPNIOUL U0 "URDYS ANTEA IBRIIAR Y] 01 BULINGLIIU0D SUOLIRTNDIND WY SO ']
TIUNRINSEM 133JIP-UCU B IPNIIUL 110 ‘UMOYS IN|EA IBRIIAR Y3 03 BulINgLIIuod SUC|IRINIIRD YL 0 ']
TIml) UOIIJI1IP S| UMOYS IN|RA >0
ﬂl — —  —————
# 2°S >N JUOUINDOTUIG-¥ ' |
4 #0°y>0N #9°% >an IPAYIP)RII|BA-0S |
nzg [N} pAYSP )R IB) A
g's vyel pAyapienio) -d/w
nla #0°2>0N dPAYapIEeN |0} -0
n el n < ng o°g #71°1 >ON n "2l (apAyapieuoidasd) euedold
= #9°S>m | naos>on ng 09 uco:nucag-m-.>:.oz-a=
w "6l na 9L n -Zi JuoueXIH-2
6°6 8 9°9 >0N pAYRPeXIH
N "1} n % 1% &g nd L'l >ON NY 09 NB %) #L°L>08 | NY 2 L>ON apAyap oy
€9 >0 W E APAYIP1RUCI0L)
#EO>ON| MBS nre NG “gY #0°5>0N negeé (30033% 1AY1a JAaaN) auoueIng-2
V2L n ‘sl apAyapieaXang-u
1 mw ‘s aphiyppieudsg 1AyIaung-5'2
= 9l negs spAyapiuzuss
=||. 3] n iy ng'g YYeo>m | #2Z>m Utajosay
NY 58°0 >N nee 06¢ n "éeg 413 NY 8°% > ON # %2°0 >ON # 171 >0 il apAype129Y
NY 9°% el | s N #0°L >ON N8 "€ ne "ooLl N A0122Y
ng ,01/q1 :s1iun
Bunog buimo)g
A1qLeg sa38) NONS SIVLN 1005 UON 3005 ucN a1 1atabuyads 1)ansog ¥29.4] 1e0]
uLnp)eg 1eulpae)

BPU039Y puv sIpAYIPIV ‘SI030Rd UOTESTWH

T°§=-2 °Iqel



"INBA JO JuIdsad Ol WYl JazeadB Jo o) jenb3
*IUSNIRINSEA 1I331IP-UCU B IPN|IUL ON] ‘unoys AN1eA SB6RIIAR Y] 01 BulING}JIU0T FUOEIRIND|ED ) 30
TJUNIDINEEM J2913P-LUOU B SAPNIIUL 0 ‘Umoys INTRA IBRIIAR Byl 03 BulIngliiueD SUDLIRIN2IED YT 0
TJUMDINSEM 1I91P-UOU B PN 118 ‘umoys aniea aBRLIAR Y3 03 BuLINGIJIIUGI SUCIIRINI|ED AYI 0
“IINE] UOL]IIIP S| UMOYS ANBA >

0¢

“pPeINININEI JOU JO UMOUY JOuU Jiu}) huC—Iu._uuC:
(3811 IMRPLIUD XS4 =) AJULRISaaUN

g“ﬂb!

aucunbozuag-%' |

apAyap1e4918A-0S1

spAyapielaien

spAysprenyo)-dsu

apAyapieniol-o

(spAysp1eu0idold) jeuedo.d

FUOUD UG -2 - TAYIIN -

JUOURNAN -2

pAyop 1exap

N8l

ngEl

N8 0°% >GN

# 572 >N

N8 0°2

spAyspiewio]

SPAYSP | BUN0I])

(au013) 1AYI2 1A4IaN) suouRINg-Z

spAyapyesding-u

spAyep RzUaq 1Apawyg-52

apAyap)ezuag

# 8°5 >0N

TEIYED]

negy

N g% >aN

# 572 >0

NG L2

IpAypIRIaIY

U0 13Y

nig ,,0l/a1 :siiun

Ul aseq

au|jaseq

- )

Y40

uingay

auljaseg

[ — e

Jabing

TEYLTS

puosel

AIMAQ UOCSIIN

(penuUT3uOD)

‘gseuoje)l purw seopiyepIv ‘sIo3jowi UOTSSIUY

T°6=-2 9IqRl



1c

*PajeINIIEI JOU JO UMOUY 10U 1AL} AJUIRIJPSUN
*anjeA jo Juadaad Qg| ueYy)l J21WaJB Jo o3 Jenb3 (M} IJUIPLJUO] XCE =) AIULEIIIOUN
TIUTWRINSEIN J091IP-UCU ¥ IPN]NIL OM] ‘UMOYS INIRA I0WIIAR 2yl 03 BULINGIJIUCT BUD|IRININED Y3 4O
“JUMMDINSESN 103]1aP-UOL B SaPN|IUL JUD ‘UMOYS an|BA 3B84aAR 34] 03 BULINGIJIUCD SUCLIRINDIRI AW 4O
TIURINSEIM 13319P-UOU § IPN3UL |18 ‘umoys an1eA aBeIIA 3y} 03 BULINGIIIUOD SUDLIRINDIEI 3yl 40

TIiWE] UOL3IINIAP S URCYS ANYEA >

g“ﬂ:l

aouinbozueg-u '}

splyspieiaten

spAyepiesaiep-os) __

spAyapienio] -d/w

apAysp)eniol-o

(spAyap1oUOLdOl4) JRURdD.lg

NS >N IOURIUDG-2- 1AIOM-Y

N £°€ >ON !..o..lxo:-N__
apAyap yexay
1°s n 2zl apAyap | Bwao0

apAyap|Bu010.4) __

NE'E>aN (3uo3ay 1AYIa 1AYISN) !.oc-.:u-Nm
_ WpAypRIAING-U
__ sphyapiezuaq (Ay3awta-5'2
__ apAyap|Rzusg
__ ul@)oJ3y
__ apAypieaay
__ ) N EC >N u0133Y
nig ,0L/q1 :siiun

33+453+¥S0 44+¥S9 dS3+¥S9 NS auyjaseq
e 4 aail
(s3umeys) 10d J1¥ soyede.y
(ponurjuoo) ‘ssuolay puwv sepiysapiv ‘sIojowd UCISSTUA 1°6=-2 8Tqel



